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(57) ABSTRACT 

Disclosed is a method for controlling an operational State of 
at least one Subscriber stations in an OFDM/OFDMA com 
munication System having ranging slots and ranging codes 
to be used for rangings. The Subscriber Station performing in 
a Null State, an initial ranging if an initial ranging request 
occurs, and transitioning from the Null State to an Idle State 
if the initial ranging is Successful; transitioning to an Access 
State if a bandwidth request ranging request occurs in the 
Idle State, and performing in the AcceSS State the bandwidth 
request ranging based on a random acceSS technique; tran 
Sitioning from the Access State to a Busy State if the random 
acceSS-based bandwidth request ranging is Successful, per 
forming the bandwidth request ranging based on a Scheduled 
acceSS technique if the bandwidth request ranging request 
occurs in the Busy State, and transmitting data if the Sched 
uled access-based bandwidth request ranging is Successful; 
and transitioning to a Hold State if the data transmission is 
ended in the Busy State, and performing the Scheduled 
acceSS-based bandwidth request ranging if the bandwidth 
request ranging request occurs in the Hold State. 
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RANGING METHOD IN A MOBILE 
COMMUNICATION SYSTEM USING 

ORTHOGONAL FREQUENCY DIVISION 
MULTIPLE ACCESS 

PRIORITY 

0001. This application claims priority under 35 U.S.C. S 
119 to an application entitled “Ranging Method in a Mobile 
Communication System Using Orthogonal Frequency Divi 
sion Multiple Access' filed in the Korean Intellectual Prop 
erty Office on Jul. 30, 2003 and assigned Ser. No. 2003 
52898, the contents of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates generally to a ranging 
method in a Broadband Wireless Access (BWA) communi 
cation System, and in particular, to a ranging method in a 
communication System Supporting an Orthogonal Frequency 
Division Multiple Access (OFDMA). 
0004 2. Description of the Related Art 
0005. In a 4" generation (4G) communication system, 
which is a next generation communication System, active 
research is being conducted on various technologies for 
providing the System users with Services guaranteeing vari 
ous qualities of service (QoSs) at a data rate of about 100 
Mbps. The current 3" generation (3G) communication sys 
tem generally Supports a data rate of about 384. Kbps in an 
outdoor channel environment having a relatively poor chan 
nel environment, and Supports a data rate of a maximum of 
2 Mbps even in an indoor channel environment having a 
relatively good channel environment. A wireleSS local area 
network (LAN) system and a wireless metropolitan area 
network (MAN) system generally support a data rate of 20 
to 50 Mbps. In the current 4G communication system, active 
research is being carried out on a new communication 
System Securing good mobility and a high QoS for the 
wireless LAN system and the wireless MAN system Sup 
porting a relatively high data rate in order to Support the 
high-Speed Services that the 4G communication System aims 
to provide. 
0006 FIG. 1 is a diagram illustrating a configuration of 
a general Broadband Wireless Access (BWA) communica 
tion system. Before a description of FIG. 1 is given, it is 
presumed that the wireless MAN system is a BWA commu 
nication System, and covers a broader Service area, as well 
as operates at a higher data rate, as compared with the 
wireleSS LAN System. A communication System employing 
Orthogonal Frequency Division Multiplexing/Orthogonal 
Frequency Division Multiple Access (OFDM/OFDMA) 
technology to Support a broadband transmission network for 
a physical channel of the wireless MAN system is referred 
to as an “IEEE 802.16a communication system.” The IEEE 
802.16a communication system corresponds to an OFDM/ 
OFDMA BWA communication system. The IEEE 802.16a 
communication system, applying the OFDM/OFDMA tech 
nology to the wireleSS MAN System, enables a high-speed 
data transmission by transmitting a physical channel Signal 
using multiple subcarriers. In addition, the IEEE 802.16e 
communication System corresponds to a communication 
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System that takes into consideration the mobility of a Sub 
scriber station in the IEEE 802.16a communication system. 
Currently, the specification for the IEEE 802.16e commu 
nication system has yet to be developed. Therefore, both the 
IEEE 802.16a communication system and the IEEE 802.16e 
communication system correspond to the OFDM/OFDMA 
BWA communication system, and for the sake of conve 
nience, the IEEE 802.16a and IEEE 802.16e OFDM/ 
OFDMA communication systems will be described herein 
below. Although the IEEE 802.16a communication system 
and the IEEE 802.16e communication system can employ a 
Single Carrier instead of the OFDM/OFDMA technology, it 
will be assumed herein that the OFDM/OFDMA technology 
is employed. 

0007 Referring to FIG. 1, the IEEE 802.16a/IEEE 
802.16e communication System has a multicell configura 
tion, and is comprised of a base station 100 and a plurality 
of Subscriber stations 110, 120 and 130, all of which are 
managed by the base Station 100. Signal eXchange between 
the base station 100 and the Subscriber stations 110, 120 and 
130 is achieved using the OFDM/OFDMA technology. 

0008. The OFDMA technology can be defined as a two 
dimensional acceSS method which is a combination of Time 
Division Access (TDA) and Frequency Division Access 
(FDA). Therefore, when data is transmitted by OFDMA 
technology, the OFDMA symbols are separately carried by 
Subcarriers and transmitted over predetermined Subchan 
nels. The “Subchannel’ is a channel comprised of a plurality 
of Subcarriers, and in a communication System Supporting 
OFDMA technology (hereinafter referred to as an “OFDMA 
communication System'), each Subchannel is comprised of 
a predetermined number of Subcarriers according to System 
conditions. With reference to FIG. 2, a description will now 
be made of a frame configuration of the OFDMA commu 
nication System. 

0009 FIG. 2 is a diagram illustrating a frame configu 
ration of an OFDMA communication system. Referring to 
FIG. 2, the horizontal axis represents OFDMA symbol 
numbers, while the Vertical axis represents Subchannel num 
bers. As illustrated in FIG. 2, one OFDMA frame is com 
prised of a plurality of, for example 8, OFDMA symbols, 
and each OFDMA symbol is comprised of a plurality of, for 
example N, subchannels. Further, each OFDMA frame 
includes a plurality of, for example 4, ranging slots. Refer 
ence numeral 211 represents ranging regions, or ranging 
slots, existing in an M" frame, and reference numeral 221 
represents ranging slots existing in an (M+1)" frame. 
0010) A ranging channel is comprised of one or more 
Subchannels, and unique number of Subchannels constituting 
the ranging channel are included in an uplink (UL)-MAP 
message. Here, the ranging channel is a logical channel 
using ranging regions in a frame, and Initial Ranging, 
Periodic Ranging and Bandwidth Request Ranging are per 
formed through the ranging channel. The ranging slots are 
provided by dividing the ranging channel in a time axis, and 
the ranging slots are classified into initial ranging slots, 
periodic ranging slots, and bandwidth request ranging slots. 
The UL-MAP message is a message representing uplink 
frame information, and includes an Uplink Channel ID 
representing an uplink channel identifier (ID) in use, a UCD 
Count representing a count corresponding to a change in the 
configuration of an Uplink Channel Descript (UCD) mes 
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Sage having an uplink burst profile, and a "Number of 
UL-MAP Elements in representing the number of elements 
following the UCD Count. The uplink channel identifier is 
uniquely allocated in a Media Access Control (MAC) sub 
layer. 

0.011 That is, the OFDMA communication system aims 
at distributing all of the Subcarriers used therein, in particu 
lar data Subcarriers, over the entire frequency band, to 
thereby acquire a frequency diversity gain. 

0012. In addition, the OFDMA communication system 
needs a ranging process for adjusting a correct time offset to 
a transmission Side, or a base Station, and a reception Side, 
or a Subscriber Station, and for controlling power. 

0013 The rangings can be classified into the following 
three rangings according to their objects. 

0.014) 1. Initial Ranging 
0.015 2. Bandwidth Request Ranging 

0016 3. Periodic Ranging (or Maintenance Ranging) 
0017 Objects of the three rangings are defined in the 
IEEE 802.16a communication system. 

0.018. The IEEE 802.16a communication system, because 
it employs OFDM/OFDMA technology, needs ranging Sub 
channels and ranging codes for the ranging procedure, and 
a base station allocates the allowable ranging codes accord 
ing to the objects, or types, of rangings. This will be 
described in detail herein below. 

0019. The ranging code is generated by Segmenting a 
pseudo-random noise (PN) sequence having a predeter 
mined length of, for example (2-1) bits, on a predeter 
mined unit basis. Generally, two ranging Subchannels having 
a length of 53 bits constitute one ranging channel, and a PN 
code is Segmented through a ranging channel having a 
length of 106 bits to generate the ranging codes. Of the 
configured ranging codes, a maximum of 48 ranging codes 
RC#1 to RC#48 can be allocated to the Subscriber stations, 
and as a default value, a minimum of 2 ranging codes per 
Subscriber Station are applied to the rangings of the 3 
objects, i.e. initial ranging, periodic ranging and bandwidth 
request ranging. In this way, the different ranging codes are 
Separately allocated to the rangings of the 3 objects. For 
example, N ranging codes are allocated for the initial 
ranging (NRCS (Ranging Codes) for initial ranging), M 
ranging codes are allocated for the periodic ranging (MRCS 
for maintenance ranging), and L ranging codes are allocated 
for the bandwidth request ranging (LRCs for BW-request 
ranging). The allocated ranging codes, as described above, 
are transmitted to the subscriber stations through a UCD 
message, and the Subscriber Stations perform a ranging 
procedure by using the ranging codes included in the UCD 
message according to their objects. 

0020 FIG. 3 is a diagram illustrating a structure of a 
ranging code generator for generating ranging codes in a 
general OFDMA communication system. Referring to FIG. 
3, the ranging codes are generated by Segmenting a PN 
Sequence having a predetermined length on a predetermined 
unit basis as described above. Shown in FIG. 3 is a PN 
Sequence generator, or a ranging code generator, having a 
generation polynomial of 1+x+x+x+x'. 
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0021. The ranging code generator is comprised of a 
plurality of memories 510 mapped to respective terms of the 
generation polynomial, and an exclusive OR (XOR) opera 
tor 520 for performing an XOR operation on the values 
output from the memories 510 corresponding to respective 
taps of the generation polynomial. 

0022. In the OFDMA communication system, as 
described above, one ranging channel is comprised of two 
ranging Subchannels, each Subchannel is comprised of 53 
Subcarriers, and 106-bit ranging codes are used. Each Sub 
Scriber Station randomly Selects any one of the ranging 
codes, and performs a ranging procedure using the randomly 
Selected ranging code. The ranging code is modulated for the 
Subcarriers in the ranging channel on a bit-by-bit basis by 
Binary Phase Shift Keying (BPSK) before being transmit 
ted. Therefore, the ranging codes have a characteristic 
having no correlation between them, So that even though the 
ranging codes are transmitted at the same time, a receiver 
can distinguish the ranging codes. 

0023 Now, a description will be made of the three kinds 
of rangings, i.e. the Initial Ranging, the Bandwidth Request 
Ranging, and the Periodic Ranging. 
0024. 1. Initial Ranging 
0025 The initial ranging acquires the synchronization 
with a Subscriber Station by a base Station at the request of 
the base Station. The initial ranging is performed to adjust 
the correct time and frequency offsets between the Sub 
Scriber Station and the base Station and to adjust the trans 
mission power. That is, the Subscriber Station receives a 
DL-MAP message and a UL-MAP/UCD message upon 
power-on to acquire the Synchronization with the base 
Station, and then performs the initial ranging in order to 
adjust the time offset with the base station and the trans 
mission power. The base station receives a MAC address of 
the Subscriber station from the subscriber station through the 
initial ranging procedure. The base Station generates a basic 
connection ID (CID) mapped to the MAC address of the 
Subscriber Station, and a primary management CID, and 
transmits the generated basic CID and primary management 
CID to the Subscriber station. The Subscriber station recog 
nizes its own basic CID and primary management CID 
through the initial ranging procedure. 

0026 FIG. 4 is a flow diagram illustrating an initial 
ranging procedure in a general OFDMA communication 
system. With reference to FIG. 4, a description will be made 
of an initial ranging procedure in an OFDMA communica 
tion system based on Code Division Multiple Access 
(CDMA) technology. Referring to FIG. 4, a subscriber 
Station 450, upon power-on, monitors all frequency bands 
previously set in the subscriber station (SS) 450, and detects 
a pilot channel Signal having highest power, i.e. a highest 
carrier to interference and noise ratio (CINR). The Sub 
scriber station 450 determines a base station 400 that trans 
mitted a pilot channel Signal having the highest CINR as its 
base Station to which it currently belongs, and acquires a 
system synchronization with the base station 400 by receiv 
ing a preamble of a downlink frame transmitted from the 
base station 400. 

0027) If the system synchronization between the Sub 
scriber station 450 and the base station 400 is acquired in 
this way, the base station 400 transmits a DL-MAP message 
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to the subscriber station 450 (Step 411). The DL-MAP 
message includes a PHY Synchronization being set accord 
ing to a modulation Scheme and a demodulation Scheme 
employed for a physical (PHY) channel for acquiring the 
Synchronization, a DCD Count representing a count cor 
responding to a change in the configuration of a DCD 
message including a downlink burst profile, a Base Station 
ID representing a Base Station Identifier (BSID), a Number 
of DL-MAP Elements in representing the number of ele 
ments following the Base Station ID, and information 
related to the ranging codes Separately allocated to the 
rangings. 

0028. After transmitting the DL-MAP message, the base 
station 400 transmits a UCD message to the subscriber 
station 450 (Step 413). The UCD message includes an 
*Uplink Channel ID representing an uplink channel ID in 
use, a Configuration Change Count counted in a base 
Station, a Mini-slot Size representing a size of mini-slots in 
an uplink physical channel, a Ranging Backoff Start rep 
resenting a Start point of a backoff for initial ranging, i.e. 
representing a size of an initial backoff window for initial 
ranging, a Ranging Backoff End representing an end point 
of a backoff for initial ranging, i.e. representing a size of a 
final backoff window, a “Request Backoff Start representing 
a start point of a backoff for contention data and requests, i.e. 
representing a size of an initial backoff window, and a 
Request Backoff End representing an end point of a 
backoff for contention data and requests, i.e. representing a 
size of a final backoff window. Here, the Request Backoff 
Start corresponds to a MIN WIN representing a minimum 
window Size for an exponential random backoff algorithm 
described herein below, and a Request Backoff End corre 
sponds to a MAX WIN representing a maximum window 
Size for the exponential random backoff algorithm. The 
exponential random backoff algorithm will be described 
below. The backoff value represents a type of a waiting time 
for which a Subscriber Station should wait for a next ranging 
when it failed in rangings described below. When the 
Subscriber Station fails in ranging, the base Station must 
transmit to the Subscriber station the backoff value which is 
the information on a time for which it must wait for a next 
ranging. If it is assumed that a backoff value for a case where 
the Subscriber Station fails in ranging is k, the Subscriber 
Station transmits a next ranging code after waiting for a 
ranging slot by a value randomly selected from 1.2). The 
backoff value k is increased up to the Ranging Backoff End 
value from the Ranging Backoff Start value on a one-by-one 
basis each time a ranging attempt is made. 

0029. After transmitting the UCD message, the base 
station 400 transmits a UL-MAP message to the subscriber 
station 450 (Step 415). Upon receiving the UL-MAP mes 
sage from the base station 400, the Subscriber station 450 
can recognize the ranging codes used for the initial ranging, 
the information on a modulation Scheme and a demodulation 
Scheme, a ranging channel, and a ranging slot. The Sub 
Scriber Station 450 randomly Selects one ranging code from 
the ranging codes used for the initial ranging, randomly 
Selects one ranging Slot from the ranging slots used for the 
initial ranging, and then transmits the Selected ranging code 
to the base station 400 through the selected ranging slot 
(Step 417). The transmission power used for the transmitting 
of the ranging code in Step 417 has a minimum transmission 
power level. 
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0030) If the subscriber station 450 fails to receive a 
separate response from the base station 400 even though it 
transmitted the ranging code, the Subscriber Station 450 once 
again randomly Selects one ranging code from the ranging 
codes used for the initial ranging, randomly Selects one 
ranging slot from the ranging slots used for the initial 
ranging, and then transmits the Selected ranging code to the 
base station 400 through the selected ranging slot (Step 419). 
The transmission power used for transmitting the ranging 
code in step 419 is higher in a power level than the 
transmission power used for transmitting the ranging code in 
step 417. Of course, if the subscriber station 450 receives 
from the base Station 400 a response to the ranging code 
transmitted in step 417, step 419 can be skipped. 
003.1 Upon receiving a random ranging code through a 
random ranging slot from the Subscriber station 450, the 
base station 400 transmits to the Subscriber station 450 a 
ranging response (RNG-RSP) message including informa 
tion indicating the Successful receipt of the ranging code, for 
example an OFDMA symbol number, a subchannel and a 
ranging code (Step 421). Though not illustrated herein, upon 
receiving the RNG-RSP message, the subscriber station 450 
adjusts the time and the frequency offsets and the transmis 
sion power using the information included in the RNG-RSP 
message. In addition, the base Station 400 transmits a 
UL-MAP message including the CDMA Allocation IE for 
the subscriber station 450 to the subscriber station 450 (Step 
423). The CDMA Allocation IE includes information on an 
uplink bandwidth at which the subscriber station 450 will 
transmit a ranging request (RNG-REQ) message. 
0032) The subscriber station 450 receiving the UL-MAP 
message from the base station 400 detects the CDMA 
Allocation IE included in the UL-MAP message, and trans 
mits an RNG-REQ message including a MAC address to the 
base Station 400 using an uplink resource, or the uplink 
bandwidth, included in the CDMA Allocation IE (Step 425). 
The base station 400 receiving the RNG-REQ message from 
the subscriber station 450 transmits an RNG-RSP message 
including connection IDs (CIDs), i.e. a basic CID and a 
primary management CID, to the subscriber station 450 
according to a MAC address of the Subscriber station 450 
(Step 427). 
0033. After performing the initial ranging procedure in 
the manner described in conjunction with FIG. 4, the 
Subscriber Station can recognize a basic CID and a primary 
management CID uniquely allocated thereto. Further, in the 
initial ranging procedure, because the Subscriber Station 
randomly Selects a ranging slot and a ranging code and 
transmits the randomly Selected ranging code for the ran 
domly Selected ranging slot, there is a case where the same 
ranging codes transmitted by different Subscriber Stations 
collide with each other at one ranging slot. When the ranging 
codes collide with each other in this way, the base Station 
cannot identify the collided ranging codes, and thus cannot 
transmit the RNG-RSP message. In addition, because the 
RNG-RSP message cannot be received from the base sta 
tion, the Subscriber Station repeats the transmission of a 
ranging code for the initial ranging after waiting for a 
backoff value corresponding to the exponential random 
backoff algorithm. 

0034. The exponential random backoff algorithm will be 
described in detailed herein below. 
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0035) If a minimum window size and a maximum win 
dow Size used in the exponential random backoff algorithm 
are defined as MIM WIN and MAX WIN, respectively, the 
Subscriber Station randomly Selects one ranging slot from 
among 2"Y" ranging slots during the first ranging code 
transmission, and transmits a ranging code for the Selected 
ranging Slot. If a ranging code collision occurs during the 
first ranging code transmission, the Subscriber Station ran 
domly Selects one ranging Slot again from among the 
following (2"NY''') ranging slots from the correspond 
ing ranging slot during the Second ranging code transmis 
Sion, and transmits a ranging code for the Selected ranging 
slot. If ranging code collision occurs during the Second 
ranging code transmission, the Subscriber Station again 
randomly Selects one ranging slot from among the following 
(2"NY"N') ranging slots from the corresponding ranging 
Slot during the third ranging code transmission, and trans 
mits a ranging code for the Selected ranging slot. In this way, 
when a Subscriber Station randomly Selects one ranging Slot 
from the 2' ranging slots, the k is defined as a window size. 
The window Size k used during the ranging code retrans 
mission process is increased one by one from MIN WIN 
until the ranging code transmission is Successful, i.e. until an 
RNG-RSP message is received, and window size k is 
increased until it reaches the maximum window size MAX 
WIN. 

0036 2. Periodic Ranging 
0037. The periodic ranging represents ranging periodi 
cally performed to adjust a channel status with a base station 
by a subscriber station that adjusted a time offset with the 
base Station and the transmission power through the initial 
ranging. The Subscriber Station performs the periodic rang 
ing using the ranging codes allocated for the periodic 
ranging. 
0.038. 3. Bandwidth Request Ranging 
0.039 The bandwidth request ranging is ranging used to 
request the bandwidth allocation to actually perform a 
communication with a base Station by a Subscriber Station 
that adjusted a time offset with the base station and the 
transmission power through the initial ranging. 
0040 FIG. 5 is a flow diagram illustrating a bandwidth 
request ranging procedure in a general OFDMA communi 
cation system based on CDMA technology. Referring to 
FIG. 5, a subscriber station 550 randomly selects one 
ranging code from among the ranging codes used for the 
bandwidth request ranging, randomly Selects one ranging 
Slot from among the ranging slots used for the bandwidth 
request ranging, and then transmits the Selected ranging 
code to a base station 500 through the selected ranging slot 
(Step 511). If the subscriber station 550 fails to receive a 
separate response from the base station 500 even though it 
transmitted the ranging code, the subscriber station 550 once 
again randomly Selects one ranging code from the ranging 
codes used for the initial ranging, randomly Selects one 
ranging slot from the ranging slots used for the bandwidth 
request ranging, and then transmits the Selected ranging 
code to the base station 500 through the selected ranging slot 
(Steps 513 and 515). Of course, if the subscriber station 550 
receives from the base station 500 a response to the ranging 
code transmitted in Step 511, the steps 513 and 515 are 
skipped. 
0041. Upon receiving a random ranging code through a 
random ranging slot from the Subscriber station 550, the 

Mar. 17, 2005 

base station 500 transmits a UL-MAP message including the 
CDMA Allocation IE to the subscriber station 550 (Step 
517). The CDMA Allocation IE includes information related 
to an uplink bandwidth at which the subscriber station 550 
will transmit a bandwidth request (BW-REQ) message. The 
subscriber station 550 receiving the UL-MAP message from 
the base station 500 detects the CDMA Allocation IE 
included in the UL-MAP message, and transmits a BW-REQ 
message to the base Station 500 using an uplink resource, or 
the uplink bandwidth, included in the CDMA Allocation IE 
(Step 519). The base station 500 receiving the BW-REQ 
message from the Subscriber station 550 allocates an uplink 
bandwidth for data transmission by the subscriber station 
550. Further, the base station 500 transmits to the subscriber 
station 550 a UL-MAP message including the information 
related to the uplink bandwidth allocated for the data trans 
mission by the subscriber station 550 (Step 521). The 
subscriber station 550 receiving the UL-MAP message from 
the base station 500 recognizes the uplink bandwidth allo 
cated for data transmission, and transitS data to the base 
station 500 through the uplink bandwidth (Step 523). 
0042. After performing the bandwidth request ranging 
procedure in the manner described in conjunction with FIG. 
5, the Subscriber Station can transmit data to the base Station. 
In the bandwidth request ranging procedure, as described in 
the initial ranging procedure, because the Subscriber Station 
randomly Selects a ranging slot and a ranging code and 
transmits the randomly Selected ranging code for the ran 
domly Selected ranging slot, there is a case where the same 
ranging codes transmitted by different Subscriber Stations 
collide with each other at one ranging slot. When the ranging 
codes collide with each other in this way, the base Station 
cannot identify the collided ranging codes, and thus cannot 
allocate an uplink bandwidth. In addition, because the 
Subscriber Station cannot be allocated an uplink bandwidth 
from the base Station, the Subscriber Station repeats the 
transmission of a ranging code for the bandwidth request 
ranging after waiting for a backoff value corresponding to 
the exponential random backoff algorithm. 
0043 FIG. 6 is a diagram illustrating a backoff procedure 
during initial ranging, periodic ranging, and bandwidth 
request ranging in a general OFDMA communication Sys 
tem. Before a description of FIG. 6 is given, it should be 
noted that although the backoff procedure of FIG. 6 can be 
applied to each of the initial ranging procedure, the periodic 
ranging procedure, and the bandwidth request ranging pro 
cedure, the backoff procedure will be applied herein to the 
initial ranging procedure for the convenience of explanation. 
0044) Referring to FIG. 6, one frame is comprised of L 
ranging slots for an initial ranging. First, a first frame will be 
described. Three Subscriber Stations transmit ranging codes 
at a 3" ranging slot from among the L ranging slots, and the 
three Subscriber stations transmit the ranging codes at an L" 
ranging slot. Here, the three Subscriber Stations transmitting 
ranging codes at the 3" ranging slot will be referred to as a 
first Subscriber Station, a Second Subscriber Station, and a 
third subscriber station, respectively. Further, the three sub 
scriber stations transmitting ranging codes at the L" ranging 
slot will be referred to as a fourth Subscriber station, a fifth 
Subscriber Station, and a sixth Subscriber Station, respec 
tively. 
0045. At the 3" ranging slot, the first subscriber station 
transmits a ranging code #1, and the Second and third 
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Subscriber Stations transmit ranging codes #2. In this way, 
when the ranging codes are transmitted using the same 
ranging codes, i.e. the ranging codes #2, at the same ranging 
slot, the ranging codes #2 collide with each other, So the base 
Station cannot recognize the ranging codes #2. AS described 
above, data transmitted by a plurality of the subscriber 
Stations at the same slot (or same time) can be distinguished 
by the ranging codes (for example, PN codes). However, if 
different Subscriber Stations transmit data using the same 
code at the Same time, the base Station cannot distinguish the 
data transmitted by the individual subscriberstations. There 
fore, the second Subscriber station and the third Subscriber 
Station cannot receive Separate responses from the base 
Station, and perform a backoff according to the exponential 
random backoff algorithm. That is, the second subscriber 
Station transmits a ranging code using a ranging code #3 at 
a 4" ranging slot of a second frame, and the third Subscriber 
Station transmits a ranging code using the ranging code #2 
again at a 2" ranging slot of the second frame. 
0046) At the L" ranging slot, the fourth subscriber station 
and the fifth Subscriber Station transmits the ranging codes 
#1, and the Sixth Subscriber Station transmits a ranging code 
#3. In this way, when ranging codes are transmitted using the 
Same ranging codes, i.e., the ranging codes #1, at the same 
ranging slot, the ranging codes #1 collide with each other, So 
the base Station cannot recognize the ranging codes #1. 
Therefore, the fourth Subscriber station and the fifth Sub 
Scriber Station cannot receive Separate responses from the 
base station, and perform backoff according to the exponen 
tial random backoff algorithm. Although backoffs for the 
fourth Subscriber station and the fifth Subscriber station are 
not separately illustrated in FIG. 6, they are identical in their 
operation to the backoffs for the second subscriber station 
and the third Subscriber station. 

0047. In the OFDMA communication system, a Sub 
Scriber Station randomly Selects ranging slots and ranging 
codes for an initial ranging, a periodic ranging and a 
bandwidth request ranging during the initial ranging, the 
periodic ranging and the bandwidth request ranging, thereby 
causing frequent occurrences of ranging code collisions. The 
occurrences of the ranging code collisions prevents the base 
Station from recognizing a ranging code for the Subscriber 
Station, So the base Station cannot perform an operation any 
longer. Although the Subscriber Station performs a backoff 
procedure according to the exponential random backoff 
algorithm due to the ranging code collision, the transmission 
of a ranging code by the backoff may also cause further 
collisions, leading to an access delay to the base Station by 
the Subscriber Station. The access delay causes a perfor 
mance degradation of the OFDMA communication system. 

SUMMARY OF THE INVENTION 

0.048. It is, therefore, an object of the present invention to 
provide a bandwidth request ranging method for minimizing 
an acceSS delay in an OFDMA communication System. 

0049. It is another object of the present invention to 
provide a bandwidth request ranging method for preventing 
ranging code collision in an OFDMA communication SyS 
tem. 

0050. It is further another object of the present invention 
to provide a method for adaptively performing bandwidth 
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request ranging according to a State of a Subscriber Station in 
an OFDMA communication system. 
0051. In accordance with one aspect of the present inven 
tion, there is provided a method for controlling an opera 
tional State of at least one Subscriber Station in an Orthogonal 
Frequency Division Multiplexing/Orthogonal Frequency 
Division Multiple Access (OFDM/OFDMA) mobile com 
munication System having ranging slots and ranging codes 
to be used for rangings. In the method, the Subscriber Station 
performs an initial ranging if an initial ranging request 
occurs in a Null state, and transitions from the Null state to 
an Idle State if the initial ranging is Successful; transitions to 
an AcceSS State if a bandwidth request ranging request 
occurs in the Idle State, and performs the bandwidth request 
ranging based on a random access technique in the Access 
State; transitions from the Access State to a Busy State if the 
random access-based bandwidth request ranging is Success 
ful, performs the bandwidth request ranging based on a 
Scheduled acceSS technique if the bandwidth request ranging 
request occurs in the Busy State, and transmits data if the 
Scheduled access-based bandwidth request ranging is Suc 
cessful; and transitions to a Hold State if the data transmis 
Sion is ended in the Busy State, and performs the Scheduled 
acceSS-based bandwidth request ranging if the bandwidth 
request ranging request occurs in the Hold State. 
0052. In accordance with another aspect of the present 
invention, there is provided a ranging method for minimiz 
ing an access delay of Subscriber Stations and preventing 
ranging code collision in a mobile communication System 
having ranging slots and ranging codes to be used for 
rangings, the rangings between a base Station and a Sub 
Scriber Station being classified into an initial ranging, a 
bandwidth request ranging and a periodic ranging. In the 
ranging method, the Subscriber Station performs the initial 
ranging with the base Station; performs the bandwidth 
request ranging based on a random acceSS technique with the 
base Station if the initial ranging is Successful; and performs 
the bandwidth request ranging based on a Scheduled access 
technique with the base Station if the random acceSS-based 
bandwidth request ranging is Successful. 
0053. In accordance with further another aspect of the 
present invention, there is provided a ranging method for 
minimizing an access delay of Subscriber Stations and pre 
venting a ranging code collision in a mobile communication 
System having ranging slots and ranging codes to be used for 
rangings, the rangings between a base Station and a Sub 
Scriber Station being classified into an initial ranging, a 
bandwidth request ranging and a periodic ranging. In the 
ranging method, the base Station generates a number of 
groups equal to the number of ranging slots allocated for 
bandwidth request ranging based on a Scheduled acceSS 
technique from among the ranging slots for the bandwidth 
request ranging, and allocates the ranging codes Such that 
ranging codes for the bandwidth request ranging are not 
duplicated in each of the groups. The Subscriber Station 
performs the initial ranging with the base Station. The 
Subscriber Station Selects a random ranging slot from among 
the ranging slots allocated for the bandwidth request ranging 
based on a random access technique in the ranging slots for 
the bandwidth request ranging if the initial ranging is 
Successful, and Selects a random ranging code from among 
the ranging codes for the bandwidth request ranging. The 
Subscriber Station performs the random acceSS-based band 
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width request ranging at the Selected ranging slot using the 
Selected ranging code. The base Station Selects a random 
group from among the groups if the random access-based 
bandwidth request ranging by the Subscriber Station is 
Successful, Selects a random ranging code from among the 
ranging codes in the Selected group, and transmits a group 
identifier (ID) corresponding to the Selected group and the 
Selected ranging code to the Subscriber Station. The Sub 
Scriber Station performs the Scheduled access-based band 
width request ranging at a ranging slot corresponding to the 
group ID using the Selected ranging code. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.054 The above and other objects, features and advan 
tages of the present invention will become more apparent 
from the following detailed description when taken in con 
junction with the accompanying drawings in which: 
0.055 FIG. 1 is a diagram illustrating a configuration of 
a general Broadband Wireless Access (BWA) communica 
tion System; 
0056 FIG. 2 is a diagram illustrating a frame configu 
ration of an OFDMA communication system; 
0057 FIG. 3 is a diagram illustrating a structure of a 
ranging code generator in a general OFDMA communica 
tion System; 
0.058 FIG. 4 is a flow diagram illustrating an initial 
ranging procedure in a general OFDMA communication 
System; 

0059 FIG. 5 is a flow diagram illustrating a bandwidth 
request ranging procedure in a general OFDMA communi 
cation System; 
0060 FIG. 6 is a diagram illustrating a backoff procedure 
during initial ranging and bandwidth request ranging in a 
general OFDMA communication system; 
0061 FIG. 7 is a diagram illustrating a ranging region 
configuration for an OFDMA communication system 
according to an embodiment of the present invention; 
0.062 FIG. 8 is a diagram illustrating a state diagram of 
a Subscriber Station according to an embodiment of the 
present invention; and 
0.063 FIG. 9 is a flowchart illustrating a ranging proce 
dure in an OFDMA communication System according to an 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0064. A preferred embodiment of the present invention 
will now be described in detail with reference to the annexed 
drawings. In the following description, a detailed description 
of known functions and configurations incorporated herein 
has been omitted for conciseness. 

0065. The present invention provides a bandwidth 
request ranging method for preventing ranging code colli 
Sion while minimizing an access delay in a communication 
System Supporting Orthogonal Frequency Division Multiple 
Access (OFDMA) technology (hereinafter referred to as 
“OFDMA communication system”). In addition, the present 
invention proposes an operational State of a Media AcceSS 
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Control (MAC) layer of a subscriber station (SS) for per 
forming a bandwidth request ranging without the ranging 
code collision while minimizing an access delay time. 
0066. In the following description, it will be assumed that 
the OFDMA communication system is identical in configu 
ration to the IEEE 802.16a communication system of FIG. 
1 described in the Related Art Section, and the OFDMA 
frame is also identical in configuration to the OFDMA frame 
of FIG. 2 described in the Related Art Section. Also, the 
present invention can be applied to an IEEE 802.16e com 
munication System that takes into consideration the mobility 
of a Subscriber station in the IEEE 802.16a communication 
System. In the present invention, a ranging region configu 
ration is divided into a Scheduled acceSS region and a 
random access region to efficiently perform the bandwidth 
request ranging. 
0067 FIG. 7 is a diagram illustrating a ranging region 
configuration for an OFDMA communication system 
according to an embodiment of the present invention. 
0068. Before a description of FIG. 7 is given, it should be 
noted that ranging regions illustrated in FIG. 7 are identical 
to the ranging regions described in connection with FIG. 2. 
However, the ranging regions in FIG. 7 are divided into 
Scheduled acceSS regions and random acceSS regions, each of 
which are differently used according to an operational State 
of a subscriber station that performs the bandwidth request 
ranging described blow. That is, a State of a Subscriber 
station capable of performing the bandwidth request ranging 
using the ranging slots in the Scheduled acceSS region, or the 
Scheduled access ranging slots, corresponds to a Busy State 
and a Hold State, while a State of a Subscriber Station capable 
of performing the bandwidth request ranging using the 
ranging slots in the random acceSS region, or random access 
ranging slots, corresponds to an Idle State and an Access 
State. When the initial ranging is performed, the Scheduled 
access ranging slots cannot be used and only the random 
access ranging slots can be used. The State of a Subscriber 
Station and the bandwidth request ranging operation accord 
ing to a State of a Subscriber Station will be described herein 
below. 

0069. Referring to FIG. 7, reference numeral 710 repre 
sents a ranging region existing in a frame #M of the OFDMA 
communication System, reference numeral 720 represents a 
ranging region existing in a frame #(M+1) of the OFDMA 
communication System, reference numeral 730 represents a 
ranging region existing in a frame #(M+2) of the OFDMA 
communication System, and reference numeral 740 repre 
Sents a ranging region existing in a frame #(M+3) of the 
OFDMA communication system. There are provided a plu 
rality of, for example 8, OFDMA frames, and each OFDMA 
Symbol is comprised of a plurality of, for example N, 
Subchannels. The “Subchannel” means a channel comprised 
of a plurality of Subcarriers, and in the OFDMA communi 
cation System, each Subchannel is comprised of a predeter 
mined number of Subcarriers according to the System con 
ditions. In FIG. 7, only the ranging regions in the frames are 
Separately illustrated, for Simplicity. Although the ranging 
regions of only 4 frames are illustrated in FIG. 7, the frame 
configuration and the ranging region configuration are con 
secutive. 

0070. It is assumed in FIG. 7 that there are provided 4 
ranging Slots per ranging region. In addition, as described 



US 2005/0058058 A1 

above, the ranging regions are divided into Scheduled acceSS 
regions and random access regions. In FIG. 7, non-hatched 
ranging slots, i.e. an in" ranging slot 711 to an (n+5)" 
ranging slot 723 and an (n+8)" ranging slot 731 to an 
(n+13) ranging slot 743, correspond to Scheduled access 
regions, or Scheduled access ranging Slots, while hatched 
ranging slots, i.e. an (n+6)" ranging slot 725, an (n+7)" 
ranging slot 727, an (n+14)" ranging slot 745, and an 
(n+15) ranging slot 747, correspond to random access 
regions, or random access ranging slots. Although the ran 
dom access ranging slots are regularly located in case of 
FIG. 7, the random access ranging slots can also be ran 
domly located in the OFDMA communication system. 
0071. A state of a subscriber station capable of perform 
ing bandwidth request ranging is restricted differently in the 
Scheduled acceSS region and the random acceSS region. A 
maximum access delay time guaranteed by the bandwidth 
request ranging is also different in the Scheduled acceSS 
region and the random access region. 
0072. With reference to FIG. 8, a description will now be 
made of a Subscriber Station State diagram proposed in the 
present invention to Support the bandwidth request ranging 
for minimizing the access delay time and preventing ranging 
code collision. 

0.073 FIG. 8 is a diagram illustrating a state diagram of 
a Subscriber Station according to an embodiment of the 
present invention. Referring to FIG. 8, a state configuration 
of a Subscriber Station proposed in the present invention 
includes five states of a Null state 810, an Idle state 820, an 
Access state 830, a Busy state 840, and a Hold state 850. 
0074) 1. Null State 
0075). If a subscriber station is powered on, or if the 
Subscriber Station is handed off to a new cell, or a new base 
station (BS), then the subscriber station monitors all of the 
frequency bands previously Set therein and detects a pilot 
channel Signal the having highest power level, for example 
a highest carrier to interference and noise ration (CINR). 
Because the IEEE 802.16a communication system does not 
take into consideration the mobility of the Subscriber Station, 
only considers power-on of the Subscriber Station. Because 
the IEEE 802.16e communication system considers the 
mobility of a Subscriber Station, it must also consider not 
only the power-on of the subscriber station but also the 
handoff of the Subscriber station. Therefore, the present 
invention considers both power-on of the Subscriber station 
and handoff of the Subscriber station. 

0.076 The subscriber station determines which base sta 
tion transmits a pilot channel Signal having the highest 
CINR as a base station to which it currently belongs. 
Subsequently, the Subscriber Station acquires the System 
Synchronization with the base Station by receiving a pre 
amble of a downlink frame transmitted from the base station. 
Such a State where the Subscriber Station has acquired only 
the System Synchronization with the base Station and an 
initial ranging has not been performed yet is called the Null 
State 810. If an initial ranging request has occurred, the 
Subscriber Station performs the initial ranging in the Null 
state 810. If the Subscriber station Succeeds in the initial 
ranging, the Subscriber Station makes a State transition from 
the Null state 810 to the Idle state 820. In contrast, if the 
Subscriber Station fails in the initial ranging, the Subscriber 
station remains in the Null state 810. 
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0.077 2. Idle State 
0078. The subscriber station makes a state transition to 
the Idle state 820 if it succeeds in the initial ranging in the 
Null state 810. In the Idle state 820, because the subscriber 
Station has Succeeded in the initial ranging, the Subscriber 
station, as described in conjunction with FIG. 4, is allocated 
its connection ID (CID), i.e. a basic ID and a primary 
management ID. Such a State where the Subscriber Station 
Succeeds in the initial ranging and is allocated a basic CID 
and a primary management CID is called the Idle state 820. 
Subsequently, if the Subscriber Station has data to transmit to 
the base station in the Idle state 820, i.e. if the Subscriber 
Station needs an uplink bandwidth, the Subscriber Station 
makes a state transition to the Access state 830. 

0079) 3, Access State 
0080) If the Subscriber station needs an uplink bandwidth 
in the Idle state 820, i.e. if a bandwidth request ranging 
request has occurred, the Subscriber Station makes a State 
transition to the Access state 830. In the Access state 830, the 
Subscriber Station performs the bandwidth request ranging. 
If the Subscriber station succeeds in the bandwidth request 
ranging, the Subscriber Station makes a State transition from 
the Access state 830 to the Busy state 840. In contrast, if the 
Subscriber Station fails in the bandwidth request ranging, the 
Subscriber Station makes a State transition from the Access 
state 830 to the Idle state 820. The bandwidth request 
ranging performed in the Access State 830 is a random 
access-based bandwidth request ranging. The "random 
acceSS-based bandwidth request ranging” refers to a band 
width request ranging in which the Subscriber Station, as 
described above, uses random access ranging slots and also 
randomly Selects and transmits the ranging codes. The 
random access-based bandwidth request ranging randomly 
Selects the transmission ranging Slots and also randomly 
Selects the ranging codes, thereby causing possible collision. 
In this case, backoff is performed by the above-described 
exponential random backoff algorithm. 
0081. The exponential random backoff algorithm will be 
described herein below. 

0082 If a minimum window size and a maximum win 
dow Size used in the exponential random backoff algorithm 
are defined as MIM WIN and MAX WIN, respectively, the 
Subscriber Station randomly Selects one ranging slot from 
among 2"NY'N ranging slots during first ranging code 
transmission, and transmits a ranging code for the Selected 
ranging slot. If ranging code collision occurs during the first 
ranging code transmission, the Subscriber Station again 
randomly Selects one ranging slot from among the following 
(2"NY"N") ranging slots from the corresponding ranging 
Slot during Second ranging code transmission, and transmits 
a ranging code for the Selected ranging slot. If ranging code 
collision occurs during the Second ranging code transmis 
Sion, the Subscriber Station randomly again Selects one 
ranging slot from among the following (2"NY"N) rang 
ing slots from the corresponding ranging slot during third 
ranging code transmission, and transmits a ranging code for 
the Selected ranging slot. In this way, when a Subscriber 
station randomly selects one ranging slot from 2' ranging 
slots, the k is defined as a window size. The window size 
k used during the ranging code retransmission proceSS is 
increased one by one from MIN WIN until the ranging code 
transmission is successful, i.e. until an RNG-RSP message is 
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received, and window Size k is increased until it reaches the 
maximum window size MAX WIN. 
0083) If the subscriber station fails in the bandwidth 
request ranging even after performing the backoff until the 
window size reaches the maximum window size MAX 
WIN, the subscriber station makes a state transition from 

the Access state 830 to the Idle state 820. In conclusion, the 
Access State 830 is a State Supporting only the random 
access-based bandwidth request ranging. 
0084. 4. Busy State 
0085. As the subscriber station succeeds in the bandwidth 
request ranging in the Access State 830, the Subscriber 
Station is allocated an uplink bandwidth for data transmis 
Sion. The State in which the Subscriber Station is allocated an 
uplink bandwidth for data transmission is called the Busy 
state 840. For the Subscriber station in the Busy state 840, 
the base Station Supports a Scheduled access-based band 
width request ranging. The “Scheduled acceSS-based band 
width request ranging” refers to bandwidth request ranging 
in which the Subscriber Station, as described above, uses 
Scheduled access ranging slots and also transmits ranging 
codes using predetermined ranging codes. The Scheduled 
access-based bandwidth request ranging classifies the Sub 
Scriber Stations into a plurality of groups and uniquely 
allocates the ranging codes to the groups, thereby preventing 
an access delay due to a ranging code collision and a 
backoff. A method for allocating the ranging codes accord 
ing to the Scheduled access-based bandwidth request ranging 
will be described herein below. 

0.086. In the Busy state 840, the subscriber station trans 
mits the data through the Scheduled access-based bandwidth 
request ranging, and after the completion of the data trans 
mission, the Subscriber Station makes a State transition from 
the Busy state 840 to the Hold state 850. However, in the 
Busy state 840, if the scheduled access-based bandwidth 
request ranging for the Subscriber Station cannot be Sup 
ported, i.e. if ranging codes used for the Scheduled access 
based bandwidth request ranging cannot be allocated, the 
Subscriber Station makes a State transition from the Busy 
state 840 to the Idle state 820. An operation performed when 
the Scheduled access-based bandwidth request ranging can 
not be supported will also be described herein below. 
0087. In the Busy state 840, additional bandwidth request 

is possible through transmission of additionally requested 
bandwidth information through a previously allocated 
uplink bandwidth in addition to the Scheduled access-based 
bandwidth request ranging. The transmission of the addi 
tionally requested bandwidth information can be achieved 
through a Poll-Me (PM) bit or a Piggyback Request field in 
a Grant Management Subheader from among the MAC 
Subheaders in a MAC message transmitted from the Sub 
scriber station to the base station. That is, if the Subscriber 
station sets the PM bit to 1 before transmitting it to the base 
Station, the base Station allocates an uplink bandwidth at 
which the subscriber station can transmit a Bandwidth Re 
quest IE. Then the Subscriber station requests an uplink 
bandwidth necessary for transmitting the data through the 
Bandwidth Request IE. In addition, the transmission of the 
additionally requested bandwidth can be achieved through 
the Piggyback Request field in addition to the PM bit, and 
the Piggyback Request field is used for transmitting infor 
mation on the number of bytes of the uplink bandwidth that 
is additionally requested by the Subscriber Station. 
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0088 5. Hold State 
0089. The Hold state 850 represents a state in which the 
Subscriber Station has no more transmission data after the 
completion of a data transmission in the Busy state 840 and 
is not allocated an uplink bandwidth from the base Station. 
Although no uplink bandwidth is actually allocated, the 
Hold state 850 also supports the scheduled access-based 
bandwidth request ranging. That is, in the Hold state 850, if 
the Subscriber Station has data to transmit to the base Station, 
the subscriber station is allocated an uplink bandwidth for 
the data transmission by performing the Scheduled acceSS 
based bandwidth request ranging. The Subscriber Station, as 
it is allocated the uplink bandwidth, makes a State transition 
from the Hold station 850 to the Busy state 840. The Hold 
state 850 also performs the scheduled access-based band 
width request ranging, thereby preventing an acceSS delay 
due to a ranging code collision and a backoff. 
0090. In the Hold state 850, if there is no data to be 
transmitted from the Subscriber station to the base station for 
a predetermined time (Time Out), the Subscriber station 
makes a state transition from the Hold state 850 to the Idle 
state 820. As the Subscriber station makes a state transition 
from the Hold state 850 to the Idle state 820, the subscriber 
Station releases a group ID and a ranging code which were 
allocated to Support the Scheduled acceSS-based bandwidth 
request ranging. 
0091. Of the 5 states described above, the Idle state 820 
and the Access state 830 correspond to an Inactive state in 
which only the random acceSS-based bandwidth request 
ranging is Supported, i.e. the Scheduled acceSS-based band 
width request ranging is inactivated. Meanwhile, the Busy 
state 840 and the Hold state 850 correspond to an Active 
State in which the Scheduled access-based bandwidth request 
ranging is activated. In conclusion, the Subscriber Stations in 
the Active State Support the Scheduled access-based band 
width request ranging, thereby reducing an access delay 
time and optimizing the performance of the OFDMA com 
munication System. 
0092. The scheduled access-based bandwidth request 
ranging will be described herein below. 
0093. In order to support the scheduled access-based 
bandwidth request ranging in the Active State, i.e. the Busy 
state 840 and the Hold state 850, it is necessary to classify 
the Subscriber Stations into a plurality of groups and allocate 
unique ranging codes to the Subscriber Stations belonging to 
each of the groups. A method of grouping the Subscriber 
Stations and allocating the unique ranging codes to Sub 
Scriber Stations in each group will be described herein below. 
0094. It will be assumed that the number of groups into 
which Subscriber stations are classified is G and the number 
of ranging codes available in each ranging slot is C. Because 
the number of groups is G, the number of the group IDS is 
also G, and C ranging codes are uniquely allocated to each 
of the G groups. If the number of groups is G, the number 
of ranging slots existing in one frame is also G. That is, as 
many ranging slots as the number of groups must be 
allocated for the Scheduled access-based bandwidth request 
ranging. For example, in FIG. 7, because the number of 
Scheduled access ranging slots is 6, the number of groups 
becomes 6. 

0.095 The number of subscriber stations available in the 
Active state, or the Busy state 840 and the Hold state 850, 
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becomes G*C. That is, GC Subscriber stations have differ 
ent group IDs and ranging codes, and if a bandwidth request 
ranging is performed Such that the Subscriber Stations have 
different group IDS and ranging codes, ranging code colli 
Sion is prevented, contributing to minimization of an acceSS 
delay time. 
0096. In FIG. 8, if a subscriber station makes a state 
transition to the Busy state 840, a base station informs the 
Subscriber Station of a group ID indicating a group to which 
the Subscriber Station belongs and a ranging code allocated 
to the Subscriber Station in its group. The base Station 
manages the group ID and ranging code using CIDS, i.e. 
basic CID and primary management CID, of the Subscriber 
Station. 

0097. In the state where the number of subscriber stations 
existing in the Busy state 840 and the Hold state 850 is G*C, 
if a particular Subscriber Station desires to make a State 
transition to the Busy state 840 or the Hold state 850, it is 
not possible to allocate a ranging code for the Scheduled 
access-based bandwidth request ranging. Therefore, the State 
transition is unavailable until there is a free ranging code. 
When there are no unused group IDS and ranging codes, the 
base Station can perform the following 2 operations. 
0098. In a first operation, because there are no unused 
group IDS and ranging code, the base Station does not allow 
a Subscriber Station desiring to make a State transition to the 
Busy state 840 or the Hold state 850 to make the state 
transition, and makes the Subscriber Station wait until there 
is a free group ID and a ranging code. That is, the base 
Station waits until there is a Subscriber Station desiring to 
make a state transition to the Idle state 820 from among the 
subscriber stations existing in the Busy state 840 and the 
Hold state 850. The base station allocates a group ID and a 
ranging code released from a Subscriber Station that made a 
state transition to the Idle state 820, to a Subscriber station 
desiring to make a state transition to the Busy state 840 or 
the Hold state 850, thereby enabling the state transition. 
0099. In a second operation, because there are no unused 
group IDs and ranging codes, the base Station releases group 
IDS and ranging codes previously allocated to Subscriber 
stations existing in the Busy state 840 and the Hold state 
850, and allocates a released group ID and a ranging code to 
a Subscriber Station desiring to make a State transition to the 
Busy state 840 or the Hold state 850, thereby enabling the 
State transition. For example, in Some cases, the priority of 
the Quality-of-Service (QoS) guaranteed by the Subscriber 
Station desiring to make a new State transition to the Busy 
state 840 or the Hold state 850 is greater than QoS priority 
of Subscriberstations currently existing in the Busy state 840 
and the Hold state 850. As another example, the base station 
releases a group ID and a ranging code of a Subscriber 
station existing longest in the Hold state 850, i.e. a sub 
Scriber Station having the lowest data transmission fre 
quency, from among the Subscriber Stations currently exist 
ing in the Busy state 840 and the Hold state 850, and 
allocates the released group ID and ranging code to a 
Subscriber Station desiring to make a new State transition to 
the Busy state 840 or the Hold state 850, thereby enabling 
the state transition. The Subscriber station whose group ID 
and ranging code were released by the base Station makes a 
state transition to the Idle state 820. 

0100. An operation of the base station for the case where 
there are no unused group IDS and ranging codes has been 
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described so far. Next, a description will be made of an 
operation of allocating a group ID and a ranging code when 
there is a free group ID and a ranging code. 
0101 When there is a free group ID and a ranging code, 
the base Station randomly Selects one group ID and one 
ranging code among the free group IDS and their associated 
ranging codes, and allocates the Selected group ID and 
ranging code to a Subscriber Station desiring to make a new 
state transition to the Busy state 840 or the Hold state 850, 
thereby enabling State transition. 
0102 Alternatively, the base station selects a group hav 
ing the minimum number of Subscriber stations to which the 
ranging codes in a group are allocated from among the free 
group IDs and their associated ranging codes, and allocates 
a ranging code in the group to a Subscriber Station desiring 
to make a new state transition to the Busy state 840 or the 
Hold state 850, thereby enabling the state transition. In this 
case, it is possible to equally maintain the number of 
Subscriber Stations allocated ranging codes in each group, 
i.e. the number of Subscriber Stations Supporting the Sched 
uled acceSS-based bandwidth request ranging. 
0103) In the foregoing description, the subscriber stations 
existing in the Busy state 840 or the Hold state 850 should 
be able to identify the group IDS and the ranging codes 
allocated thereto in order to perform the Scheduled acceSS 
based bandwidth request ranging. Therefore, the base Station 
periodically broadcasts the mapping information of the 
group IDs and ranging slots, and also informs the Subscriber 
stations existing in the Busy state 840 or the Hold state 850 
of the group IDs and ranging codes allocated thereto. The 
group IDS and ranging codes can be transmitted through 
previously proposed messages or newly proposed messages. 
Even when the previously allocated group IDS and ranging 
codes are released, the information must be provided to the 
corresponding Subscriber Stations. 
0104 FIG. 9 is a flowchart illustrating a ranging proce 
dure by a subscriber station in an OFDMA communication 
System according to an embodiment of the present inven 
tion. Referring to FIG. 9, a subscriber station existing in a 
Null state in step 911 determines in step 913 if an initial 
ranging request has occurred. If it is determined that an 
initial ranging request has occurred, the Subscriber Station 
proceeds to step 915. In step 915, the subscriber station 
performs the initial ranging, and then proceeds to Step 917. 
Here, the initial ranging, as described above, is random 
acceSS-based ranging, and during the initial ranging, the 
Subscriber Station randomly Selects a random ranging slot 
from among the ranging slots allocated for the initial rang 
ing, and randomly Selects a random ranging code from 
among the ranging codes allocated for the initial ranging. 
Thereafter, the Subscriber Station performs the initial ranging 
at the randomly Selected ranging slot using the randomly 
Selected ranging code. 
0105. In step 917, if the Subscriber station Succeeds in the 
initial ranging, the Subscriber Station makes a State transition 
to an Idle state, and then proceeds to step 919. However, if 
the Subscriber Station fails in the initial ranging, the Sub 
scriber station remains in the Null state. In step 919, the 
Subscriber Station determines if a bandwidth request ranging 
request has occurred. The occurrence of the bandwidth 
request ranging request means that a bandwidth is requested 
as there is data to be transmitted from the Subscriber station 
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to the base station. If it is determined that a bandwidth 
request ranging request has occurred, the Subscriber Station 
proceeds to step 921. In step 921, the subscriber station 
makes a State transition from the Idle State to an AcceSS State 
as the bandwidth request ranging request has occurred, and 
then proceeds to step 923. In step 923, the Subscriber station 
performs random acceSS-based bandwidth request ranging, 
and then proceeds to step 925. Here, the subscriber station 
detects the ranging slots allocated for the random acceSS 
based bandwidth request ranging from among the ranging 
Slots allocated for the bandwidth request ranging. Thereafter, 
the Subscriber Station randomly Selects a random ranging 
Slot from among the ranging slots allocated for the random 
access-based bandwidth request ranging, and randomly 
Selects a random ranging code from among the ranging 
codes allocated for the bandwidth request ranging. There 
after, the Subscriber Station performs the random acceSS 
based bandwidth request ranging at the randomly Selected 
ranging slot using the randomly Selected ranging code. 

0106. In step 925, the subscriber station makes a state 
transition from the AcceSS State to a Busy State as it Succeeds 
in the random access-based bandwidth request ranging, and 
then proceeds to step 927. However, if the subscriber station 
fails in the random acceSS-based bandwidth request ranging, 
the Subscriber Station remains in the Access State. In Step 
927, the Subscriber station performs scheduled access-based 
bandwidth request ranging, and proceeds to Step 929. Here, 
the Subscriber Station performs the Scheduled access-based 
bandwidth request ranging using a group ID and a ranging 
code received from a base Station. The base Station generates 
as many groups as the number of ranging slots allocated for 
the Scheduled access-based bandwidth request ranging from 
among the ranging slots allocated for the bandwidth request 
ranging. Further, the base Station uniquely allocates ranging 
codes allocated for the bandwidth request ranging in the 
groups, and if the base Station detects that the Subscriber 
Station has Succeeded in the random access-based bandwidth 
request ranging, the base Station Selects a random group 
from among the groups and Selects a random ranging code 
from among the ranging codes in the Selected group. There 
after, the base Station transmits a group ID corresponding to 
the Selected group and the Selected ranging code to the 
subscriber station. Then the subscriber station performs the 
Scheduled access-based bandwidth request ranging at a 
ranging slot corresponding to the group ID using the 
Selected ranging code, thereby reducing an access delay due 
to ranging code collision and backoff. 

0107. In step 929, the subscriber station determines if the 
data transmission is ended while performing the data trans 
mission through the allocated bandwidth. If it is determined 
that the data transmission is ended, the Subscriber Station 
proceeds to step 931. In step 931, the subscriber station 
makes a State transition from the Busy State to a Hold State, 
and then proceeds to step 933. In step 933, the subscriber 
Station determines if a predetermined time has elapsed. 
Here, the reason for determining if a predetermined time has 
elapsed is as follows. When a subscriber station waits for a 
predetermined time in the Hold state without performing the 
bandwidth request ranging, it is necessary to release a group 
ID and a ranging code allocated to the Subscriber Station 
existing in the Hold State for efficient Scheduled acceSS 
based bandwidth request ranging. 

Mar. 17, 2005 

0108). If it is determined that the predetermined time has 
elapsed, the subscriber station proceeds to step 935. In step 
935, the Subscriber station makes a state transition from the 
Hold State to an Idle State, and then ends the procedure. 
0109 AS can be understood from the foregoing descrip 
tion, the present invention provides a ranging method for 
minimizing an access delay and preventing ranging code 
collision by adaptively performing a bandwidth request 
ranging based on a Scheduled access technique or a random 
acceSS technique according to a State of a Subscriber Station. 
In particular, the ranging method allows the Subscriber 
Stations existing in an Active State to preferentially perform 
a Scheduled acceSS-based bandwidth request ranging, 
thereby preventing an access delay due to a ranging code 
collision and maximizing data transmission efficiency. 
0110. While the invention has been shown and described 
with reference to a certain preferred embodiment thereof, it 
will be understood by those skilled in the art that various 
changes in form and details may be made therein without 
departing from the Spirit and Scope of the invention as 
defined by the appended claims. 
What is claimed is: 

1. A method for controlling an operational State of at least 
one Subscriber Station in an Orthogonal Frequency Division 
Multiplexing/Orthogonal Frequency Division Multiple 
Access (OFDM/OFDMA) wireless communication system 
having ranging slots and ranging codes to be used for 
rangings, the method comprising the Steps of: 

performing, by the Subscriber Station in a Null State, an 
initial ranging if an initial ranging request occurs, and 
transitioning from the Null state to an Idle state if the 
initial ranging is Successful; 

transitioning to an AcceSS State if a bandwidth request 
ranging request occurs in the Idle State, and performing 
in the Access State the bandwidth request ranging based 
on a random access technique; 

transitioning from the Access State to a Busy State if the 
random access-based bandwidth request ranging is 
Successful, performing the bandwidth request ranging 
based on a Scheduled access technique if the bandwidth 
request ranging request occurs in the Busy State, and 
transmitting data if the Scheduled acceSS-based band 
width request ranging is Successful; and 

transitioning to a Hold State if the data transmission is 
ended in the Busy State, and performing the Scheduled 
acceSS-based bandwidth request ranging if the band 
width request ranging request occurs in the Hold State. 

2. The method of claim 1, further comprising the Step of 
transitioning to the Busy State if the Scheduled acceSS-based 
bandwidth request ranging is Successful in the Hold State. 

3. The method of claim 1, further comprising the step of 
transitioning to the Idle State if the bandwidth request 
ranging request does not occur for a preset period of time in 
the Hold state. 

4. The method of claim 1, further comprising the step of 
transitioning to the Idle State if the Scheduled acceSS-based 
bandwidth request ranging fails in the Busy State. 

5. The method of claim 1, further comprising the step of 
waiting in the Null State if the initial ranging fails. 

6. The method of claim 1, wherein the step of performing 
the Scheduled acceSS-based bandwidth request ranging com 
prises the Step of performing a bandwidth request ranging at 
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a ranging slot corresponding to a group identifier (ID) 
received from a base Station, using a ranging code mapped 
to the group ID and received from a base Station. 

7. The method of claim 6, wherein the group ID and the 
ranging code mapped to the group ID are allocated by the 
base Station, and the base Station generates a number of 
groups equal to the number of ranging slots allocated for the 
Scheduled access-based bandwidth request ranging from 
among the ranging slots, allocates the ranging codes Such 
that the ranging codes are not duplicated in each of the 
groups, allocates a random group from among the groups to 
a Subscriber Station that has Succeeded in the random 
access-based bandwidth request ranging, and allocates a 
random ranging code from among the ranging codes in the 
random group. 

8. The method of claim 7, wherein the group ID and the 
ranging code mapped to the group ID are allocated accord 
ing to a connection ID that is allocated when the initial 
ranging is Successful. 

9. The method of claim 1, wherein the step of performing 
the random access-based bandwidth request ranging com 
prises the Step of Selecting a random ranging slot from 
among ranging slots allocated for the random access-based 
bandwidth request ranging in ranging slots for the band 
Width request ranging, Selecting a random ranging code 
from among ranging codes for the bandwidth request rang 
ing, and performing bandwidth request ranging at the 
Selected ranging slot using the Selected ranging code. 

10. A ranging method for minimizing an acceSS delay of 
Subscriber Stations and preventing a ranging code collision 
in a wireless communication System having ranging slots 
and ranging codes to be used for rangings, the rangings 
between a base Station and a Subscriber Station being clas 
sified into an initial ranging, a bandwidth request ranging 
and a periodic ranging, the ranging method comprises the 
Steps of: 

performing, by the Subscriber Station, an initial ranging 
with the base station; 

performing, by the Subscriber Station, a bandwidth request 
ranging based on a random access technique with the 
base Station if the initial ranging is Successful; and 

performing, by the subscriber station, the bandwidth 
request ranging based on a Scheduled access technique 
with the base Station if the random access-based band 
width request ranging is Successful. 

11. The ranging method of clam 10, wherein the step of 
performing the bandwidth request ranging based on a Sched 
uled acceSS technique comprises the Steps of: 

generating, by the base Station, as many groupS as the 
number of ranging slots allocated for the Scheduled 
acceSS-based bandwidth request ranging from among 
the ranging slots, and allocating the ranging codes Such 
that ranging codes for the bandwidth request ranging 
are not duplicated in each of the groups, 

Selecting, by the base Station, a random group from 
among the groups if the random acceSS-based band 
width request ranging by the Subscriber Station is 
Successful, Selecting a random ranging code from 
among ranging codes in the Selected group, and trans 
mitting a group identifier (ID) corresponding to the 
Selected group and the Selected ranging code to the 
Subscriber Station; and 

performing, by the Subscriber Station, a bandwidth request 
ranging at a ranging slot corresponding to the group ID 
using the Selected ranging code. 
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12. The ranging method of claim 10, wherein the base 
Station Selects the group ID and the ranging code according 
to a connection ID that is allocated to the Subscriber station 
as the initial ranging by the Subscriber Station is Successful. 

13. The ranging method of claim 10, wherein the step of 
performing the bandwidth request ranging based on a ran 
dom acceSS technique comprises the Steps of: 

Selecting, by the Subscriber Station, a random ranging slot 
from among ranging slots allocated for the random 
acceSS-based bandwidth request the ranging in ranging 
slots for the bandwidth request ranging, and Selecting a 
random ranging code from among ranging codes for the 
bandwidth request ranging, and 

performing, by the Subscriber Station, a bandwidth request 
ranging at the Selected ranging slot using the Selected 
ranging code. 

14. A ranging method for minimizing an acceSS delay of 
Subscriber Stations and preventing a ranging code collision 
in a wireleSS communication System having ranging slots 
and ranging codes to be used for rangings, the rangings 
between a base Station and a Subscriber Station being clas 
sified into an initial ranging, a bandwidth request ranging 
and a periodic ranging, the ranging method comprises the 
Steps of 

generating, by the base Station, a number of groups equal 
to the number of ranging slots allocated for a band 
width request ranging based on a Scheduled access 
technique from among the ranging slots for the band 
width request ranging, and allocating the ranging codes 
Such that ranging codes for the bandwidth request 
ranging are not duplicated in each of the groups; 

performing, by the Subscriber Station, the initial ranging 
with the base station; 

Selecting, by the Subscriber Station, a random ranging slot 
from among the ranging slots allocated for the band 
width request ranging based on a random acceSS tech 
nique in the ranging slots for the bandwidth request 
ranging if the initial ranging is Successful, and Selecting 
a random ranging code from among the ranging codes 
for the bandwidth request ranging; 

performing, by the Subscriber Station, the random access 
based bandwidth request ranging at the Selected rang 
ing slot using the Selected ranging code; 

Selecting, by the base Station, a random group from 
among the groups if the random access-based band 
width request ranging by the Subscriber Station is 
Successful, Selecting a random ranging code from 
among the ranging codes in the Selected group, and 
transmitting a group identifier (ID) corresponding to 
the Selected group and the Selected ranging code to the 
Subscriber Station; and 

performing, by the Subscriber Station, the Scheduled 
acceSS-based bandwidth request ranging at a ranging 
slot corresponding to the group ID using the Selected 
ranging code. 

15. The ranging method of claim 14, wherein the base 
Station Selects the group ID and the ranging code according 
to a connection ID that is allocated to the Subscriber station 
when the initial ranging by the Subscriber Station is Success 
ful. 


